CHAPTER 21 -
NUCLEAR PHYSICS

p Rest mass of an electron is
A 91x10° kg B 9.1x10% kg
C 91x10% kg D 9g1x10" kg
2. A particle having the mass of an electron and charge of proton is
called:
A Photon B Antiproton
C Positron D. Betatron
3. Nuclei of different elements are identified by their:
A. Atomic number B.Mass mfnber
C Nuclear charge ~ D\ None
4. For an atom havmg atomu: number 'Z°and atomic mass 'A' the
number of neutmns inthe; nucleus is:
AA+Z A\ \BA" C.A-Z , D Z
5. Nuclqar ORL eRists between:
A. Neutron-neutron B Proton-proton
C. Proton-Neutron D. All
6. The amount of energy required to break the nucleus is called its:
A. Atomic energy B. Nuclear energy .
C. Binding energy D. Kinetic energy
y When an aipha particle coilides with an atom of a gas, it knocks out
5 A neutrons B protons
v C. electrons D positrons
8. Nuclei of different elements are identified by their
A atomic mass number B. atomic number
C. nuclear mass D. nuclear charge
9. Bata particles possess greatcr penotratson power than that of alpha
particies due to their B VM ARE

A. smalier ionization power -
<« B. greater ionizatiom power. | ) W\
C. neither greaternor smaller aomzatlon rower
D. the same; ionizat.or power
10. The ddrneter of an atom is approxmat«* ly oqual to

A 10"%m B.10""'m C 40" m D.10"m
11. Atomic mass unit (u) is used to measure the
A mass B. length

C. time D. none of these



12.
13.

14.

15.

16.

17.

18.

19.
20.

21,

22.

24,

25.

1 amu (u) is equal to 1.66 x SN ECE

A 10°kg . B 10Vkg \( 3\ c 110* kg D. 10*kg
The mass of Beta pamcle cﬁquﬂ to the mass of

A electron (] |\ \\\\B.-proton C. Neutron D Boson
Sub; qﬁomit particles are divided into

A. Photons ‘B. Leptons

C. Hadrons D. All of these

The amount of energy equivalent to 1 a.m.u is:

A. 9315 Mev B. 93 15 Mev

C. 931 5 Mev D. 0.931 Mev

a, § and y are emitted from a radio-active substance:

A. When heated B When exposed to light

C When it interacts with other particles D. Spontaneously

The time taken for radioactive element to decay to half of its
original number of atoms:

A. Average hfe B. Half life

C Total life D. Decay constaﬂt

The reciprocal of decay constant x of rad;oactwe dement is:

A. Half life ~ B. Mean ife \C- Total life D None
A pair of quark' and anthquark makes a

A. Meson \'B \Baryon C. Photon D Proton
Abdus, Salam/ *orwarded theory of unification of

A Electromagnetac and weak force

B. Electromagnetic and strong nuciear force

C. Electromagnetic and gravitational force

D. Electric and magnetic forces

The building blocks of protons & neutrons are,

A lons - B. Electrons C. Positrons D. Quarks
A detector which can count fast and operate at low veltage is

A. G.M. Counter B. Solid state detector

C. Wilson cloud chamber D. Bubble chamber

- The half-life of radioactive element depends on:

A. Temperature

B. Pressure

C. Nature of element \
D. Amount of radioactive substance

The radioactive de cay ebeys the law."
ANO-N(1+e"‘) ‘ B. N =N, e’
C.N= Nb*-‘erm“ s D No=Ne*
The rate of decay of radioactive substance:

A Is constant

B. Decreases exponentially with time

C. Vanes inversely with time

D Decreases linearly with time




26. The process in which heavy nucleus s broken into two
intermediate nuclei wnth release of energy is called:
A Fission WA \LIU B Eusion
C Nuclear reactlen NS A D Chemicai reaction

27.  Fission react:pn in' Um is produced by:

A Thermaﬂheutrons B Slow neutrons
C Fas; rieutrons D None
28. The most useful tracer isotope is .
A Carbon-14 B Cobalt-60
C lodine-131 D Strontium-90
29. The process in which a heavy nucleus splits into lighter nuclei is
known as
A Fission B Fusion
C a chain reaction D a-decay
30. Controlled fission chain reaction is maintained in a:
A Nuclear reactor B Cyclotron

C Betatron DAC (:enerator
31. The moderator used in nuclear reactor is: &\ POV
A Aluminium 0\ AR Sodaum
M\ P Grapmte

~C. Calcum W\ 7% WU\
32. Which one of the fol!owmg%mb is more destructive?
A Atom bomb (] Bt . B Hydrogen bomb
C. Neunron boi'nb D. Biological bomb
33. The chemical properties of an element depend only upon the
number of
A Protons B neutrons
C electrons D mesons
. _Answers: =
LD | 2C | 3.A ' 4C | 5D | 6C | 7.C
88 | 9.A | 10.C | 1LA | 12A  13.A [ 14D
15.C | 16.D '17.B | 18.B | 19.A | 20.A | 2LD
22.B | 23.C | 24.C | 25.B | 26.A | 27.C | 28.A
"20.A | 30.A | 31.D | 32.8B | 33.A | _ _

Q1: What do you undersfand‘ by atomic nucleus? Describe its

oompocithm also7
Ans: Afomtd nucleus:
i A* the centre of each and every atom there is an mfmatesmally small

nuc.eus. The entire posittive charge of the atom and about 99 9 percent of its

mass Is concentrated in the nucleus
- i The tininess of the nucleus car be imaguied by comparing that the radius of

the atom 1s 10° times the radius of the nucleus.
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26. The process in which heavy nucleus Cis broken into two
intermediate nuclei wnth release of energy is called:
A. Fission \ /7NN Fusion

C Nuclear reacnan N DU Chemical reaction
27. Fission re?ctlpn in Um is produced by:

GUJ

A Thermalneutrons B Slow neutrons
C Fas: rieutrons D None
28. The most useful tracer isotope is -
A Carbon-14 B Cobalt-60
C lodine-131 D Strontium-80
29. The process in which a heavy nucleus splits into lighter nuclei is
known as
A Fission B Fusion
C achain reaction D a-decay
30. Controlled fission chain reaction is maintained in a:
A Nuclear reactor B Cyclotron

C Betatron D AC (;enerator

31. The moderator used in nuclear neactor is: GO\
A Aluminium O A OB Sochum

~C. Calcium W\ A0 (0 VAU D Graphite
32. Which one of the followmg\bomb is more destructive?
A. Atom bomb (| | ||\ " B Hydrogen bomb
C. Ney.tﬂronr J}bcmb D. Biotogicat bomb
33. The chemical properties of an element depend only upon the
number of
A Protons B neutrons

C electrons D mesons

Q1: What do you unders"and by ‘atomic nucleus? Describe its

composition ,dIso?
Ans: Afomié nucleus:
i. A* the centre of each and every atom there is an mfamtesnmally small

nuc.eus. The entire posittive charge of the atom and about 99 9 percent of its
mass s concentrated in the nucleus

1 8 The tininess of the nucleus car be imaguied by comparing that the radius of
the atom 1s 10° times the radius of the nucleus.



Composition of nucleus
i A nuicus Conmists ¢f nucieons compnsmg ‘\* prorons and neutrons

. A proton ras a ﬁoart ve charge equa! 1o ¥6x 10'*C and its mass is
1 6!" L] "¥" ,(g / ; (

iii. A rieutron has no“c'na \ge on n but its mass is * 575 x 107" kg. The mass of
a neutrun m:J laimost equal to mass of proton

Q2: Deﬁne unified mass scale (u)?
Ans: To indicate the mass of atomic particles, instead of kilagram, unified mass

scale (u) 1s generally used

Unified mass scale (u):
By definition 1u is exactly one twelfth the mass of carbon'? (C'?) atom

(1 u=1.6606 x 107 kg).
tn this unit the mass of a proton is 1.007276 u and that of a neutron is

1 008665 u while that of an electron is 0.00055 u.
Q3: Define atomic number and mass number?

Ans: Atomic number or charge number:
The number of protons inside a nucleus is called the atomic number or the

charge number of an atom. It is denoted by Z. Thus the totai charge of. any N cleus
is Ze, here “e” indicates charge on one proton artanNyY /(@

Mass number (A): )2
The combined number of all thé\protons and neutrons in a nucleus s known

as its mass number anq is denoted by A.
Note: ‘J, ’;
The number of neutrons N present in a nucleus is given by
N=(A-2) ... " (1)
"Q4: What are isotopes? What do they have in common /and what are
' their differences?

Ans: Isotopes:

Isotopes are such nuclei of an element that have the sarne charge number
Z, but have different mass number A.

Similarities and differences of isotopes:
in the nucleus of isotopes the number of protons if; the same, but the

number of neutrons is different.
Q5: Describe the isotopes of hellum and hydrogen?

Ans: Isotopes of helium: =0\
Helium, has two isotopes. These are symbollcal!y Tepresented as 3He and

2He. As the charge number of hehum is 2, therefore, there are two protons in the
helium nucleus. The neutron \number of the first isotope is 3 — 2 = 1 and that in the
second isotope $He He. the number of neutron is 4 — 2 = 2.
Isotopes of hydrogen:
Hydrogen has three |sotopes represented by |H, 71 3H.
i Ordinary hydrogen or protium (jH):
lts first isotope is called ordinary hydrogen or protium. There is only one
proton in its nucleus.




ii. Deuterium (3H): G)
The second isotope of hydrogen isicalleds deutenum s nas one proton and
one neutron In its nucleus Its nucieus lS called deuteron

iil. Tritium (3H): O\ o700\ ol
The third :sotopp of hydrogen has two neutrons and one proton in its nucleus
and it 1 caiﬂed tritium

{p’cﬂum) ., (mumum) (Tn‘hum)

Q6: Why it is not possible to separate the isotopes of an element by
chemical methods? Name the device whach 1s used to separate
isotopes? 1)\ (AL

Ans: i. The chemical properties of alD the |sotopes of an eTement are alike, as the

chemical properties of am element depend only upon the number of electrons

around the nucleus that' is) upbn the' bﬁarge number Z, which for all the isotopes of
an element is the-: m e ltis, therefore, not possible to separate the isotopes of an
element by chemical methods.

ii. Mass spectrograph:

Physicai methods are found to be successful for this purpose. A device with
the help of whicn not only the isotopes of any element can be separated from one
another but their masses can also be determined quite accurately is called mass
spectrograph.

Q7: How much isotopes have xenon and cesium?

Ans: Both Xerion and cesium each have 36 isotopes.

Q8: How mass spectrograph can be used for the detection of isotopes?
OR Describe the construction and working of mass spectrograph?

Ans: Mass spectrograph: I Tre—

A device with the help of which not 2 A
only the isotopes of any element can be ¢
separated from one another but their masses (|| (| |\{'¢
can also be determined qurte accurate!y 1s;;fi».,ft-‘~5‘
called mass spectrography| || 1\ (| || ">

0 o A
Construction arpd“ ‘workmg of ‘mass o b v / - e ‘,,
spectrographi _L__h? i '—J}
i. The atoms or molecules of the element ; ‘ I\ - -

: Y e
under nvestigation, n vapour form are ‘+ s
ionized in the ions source S. As a resuft of —_—

jonization, one eiectron is removed from the
particle leaving with a net positive charge +e



S. are auce&erared thmugh a potential

it. The pesitve ons escaping the sht S
difterence v appled between the two sl18\3) and A

iii.  The K.E. of singly charged jon at the. slit S
Tne ons pass thrOugh the! shit'S- in'the form of a narrow beam. The K.E of

singly Lhargedjlon atthe slit S, will be given by

"~.'1| ‘ .l.mv ] Ve .......... (1,

iv. Application of magnetlc field (B):

The 1ons are then subjected to a perpendrcuiar and uniform magnetic field B
in a vacuum chamber where they are deflected in semicircular paths towards a
detector. The detector records the number of ions arriving per second The

centripetal force applied by the magnetic field is given by

......... (2)

H

Bev

Substituting the values of v from Eq 1. we get

m = (%f) - (3)

The .above equation shows that the mass of each tOn reachmg the detector i
proportional to B* i.e. AN CE

V. Graph of the detactor outplh"as a functlon of B%:
By adij, stmg nHé vaiue of B and keeping
the term in\ ‘t e- parentheses constant, ions of
different masses are allowed to enter the detector. ﬂ
A graph of the detector output as a function of B
then gives an indication of what masses are
present and the abundance of each mass.
Detection of most abundant isotope:

Fig. shows a record obtained for naturally
occurring neon gas showing three isotopes whose
atomic mass numbers are 20,21, and 22. The _J L’\A
larger is the peak, the more abundant is the
isotope Thus most abundam isotope of neon is &
necn20.

Q9: Explain mass defect and blndmg energy m detall w:th the help of

examples and graphs? - Y
Ans: Mass defect: = \ \ 2O\ =

The mass of the nucleus ts ahbays fess than the total mass of the protons
and neutron that m?kelup the- nucleus The difference of the two masses is called

mass defect ©

Binding energy
The missing mass i1s converted to energy in the formation of the nucleus and

1s called the binding energy.

Explanation:
in the nucleus the missing mass is called the mass defect m given by

am = Zmy+ (A~ Z) My - Mocrengerenee.n. (1)

Output from opter o
(Atundance)




Here Z = total number of protons in-the AUCIEUS =
m, = The massof #proton |\ \\\ )/
Zm, = (Jhe totah\mass of all the protons
(A-2) = The\ total number of neutrons
M, \[F\ cThe mass of a single neutron
(A - Z}&in' ~ =  The total mass of all the neutrons.
Moucieus = The expenmentaily measured mass of the entire nucleus.

Note: Hence, Eq. 1 represents the difference in mass between the sum of the
masses of its constituents and the mass of the aucleus itself
Binding energy (B.E) of the nucleus: :
The missing mass is converted to energy in the formation of the nucleus.
This energy s found from Einstein's mass energy relation and is called the binding
energy (B E.) of the nucleus
E =(am)c® . (2)
From equations 1 and 2, the binding energy of a nucleus is
BE =(am) = Zmg ¢+ (A~ Z) mciudeus -mc® .. (3)
Graph between the mass defect per nuclieon and charge number Z:
To M — 1) = U
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Graph between the mass defect per nucleon and charge number Z is
obtained by finding the difference of mass between the total mass of all the protons
and neutrons that form the nucleus and the experimental mass of the nucleus and
dividing this difference by mass number A, | e, Mass defect per nucleon

_-3:_7:1_ _ Mpyucteus  14Mpt (A-Z)mpy]
A A
where Am is the mass defect.

Mass defect of hydrogen: A O AN WY~

From the definition of m g,sfsjdefe.c‘t\ i;j;jgxguitéﬂ obvious that for hydrogen, mass
defect is zero RaltRigine o
Note: The mass. d?fe‘cjg 1s_made clear with Einstein’s equation
E =Amc? Tﬁ}\sii;J_éC’}ﬁéﬁOh shows that if for any reason a mass Am is iost, then it is
converted into energy.
B.E. of helium:
Let us now calculate the B.E. of helium. For tHe

Am = 2m, + 2m, — Mye =2 01519 + 2.01796 — 4 0028 = 0.03034 u
since 1u =166x107kg




Am 003034u=<166x10‘7kg u_ 503:: 102%9

Thus BE = Amc? 503:10“ "-10”
45x1o“’.1 iz——}g-— 5 89x107eV = 28.2 MeV
1

This means tha When two protons and two neutrons fuse together to make
helium nucleusif; an 'amount of 28.2 MeV energy is given to the helium nucleus

then it breaks. Up into two protons and two neutrons.

From this, we conclude that
1u = 1.6606 x 107 kg = 931 MeV

Graph between binding energy per nucleon and the mass number of

different elements: |
This graph shows that the binding energy per nucleon increases

> 1

100 150 200 250

Nucleon number, A

with the mass number till it reaches a maximum value of 8.8 MeV at mass number
58 and then it gradually decreases to a value of 7.6 MeV at mass number 238. The
binding energy per nucleon is maximum for iron. This shows that of all the elements

iron is the most stable element
Q10: What do you mean radioactivity? Discuss the properties of three
types of radiations?
Ans: Radioactivity:
The emission of radiations (a, f and y) from elements having charge number
Z greater than 82 is called radioactivity.

Explanation: 7
It has been observed that-those (| (===

elements whose charge number 2 lis; greater S\ | 1
than 82 are unstable)| \[Some \invisible
radiations, that can af]fect the' photographlc
plates emanateJout ‘of these elements. Such
elements are called radioactive and the
phenomenon is called radioactivity.
Types of radiations:

The radiations coming out of the
radicactive elements are called alpha (a). beta  regiosxnva
(8). and gamma (y) radiation. metensl

/ﬂglnddlng enargy per nucieon, Me




Discovery of radioactivity: ISR NHZAN(E! ‘

i Radwactivity was scovares ,»iwl e 'w Yy fdso He found that an
ore containing uraﬂ.um Z;- "9 1 ermts an mws:b%e racdiation that penetrates
through a black pdpen widpiiig o phorogrdohlf plate and aftects the plate

ii. After Becqugre;ﬂs si‘sc’:bvery Mane Cure and Pierre Curie discoverea two
new raazBachve elements that they caiied potemum and radiunt.

Analysis of the radiations emanating out of a radioactive material:

The analysis of the radiations emanating out of a radicactive material can be
carned out by a simple experiment.

Experiment:

i The rad:cactive matenal is placed at the centre of a biock of lead by dniking a
hole in the block. :

ii. Radioactive radiations enter a vacuurn chamber after emerging out of this

hole After passing between the two parallel plates the radiations strike a
photographic plate
ili. These radiations, instead of impinging at ‘one pont, fall at three different
points due to the potential difference between the plates . \
Conclusions: _ NIHZAN(
From this experiment & can @e/..{‘pbnc” “ded ;nat ”aﬂ !'BdlaUOF'IS from the
radioactive material are not-alike | \
i. a-particles: . -
The radiatic; tﬁiat benas Towards the negative plate is made up of positively
charged part&alp% "These are calied - particies.
Properties of a-particles:
a-particles are henum nucier The charge on them 1s +2e while their mass is
4y (atomic mass unit) that 's every a-particie has two protons and two neutrons in it
i. pg-particles:
Those radiations that oend towards the postive plate are composed of
negatively charged particles. These are called fi-particles.
Properties of g-particles:
f-particies are in fact fast meoving electrons which come out of the nucleus of
a radigactive element
iil. y-particies: -
Tho:’e radiations that go straight without bending have no charge on them.
These are cailed y-rays. o~ \
Propertles of y-particies: XN [ (o o
y-rays like X-rays. are eiactromagnetlc waves whrcn :ssue out of the nucleus
of a radioactive element_The. Naveaeﬁgth of thése rays is much shorter, compared
with the waveiength of X- raysw \
Q11: What, 0 nou Jufu:l‘evstand by nuclear transmutation or radioactive
decay?" Ilustrate the mechanism of emission of « -particle, g -
particle and y-particle?
Ans: Nuclear transmutation or radioactive decay:
The change cf an element into a new element due to emission of radiations
is called radiwoactive Zicay The orgnat element is called parent element and the
element formed due ic s devay 15 Called daughier element




This phenomenon is called radioactive decay or nuclear transmutation.
Note: During the nuclear changes the (laws| of congervation of mass, energy.
momentum and charge rémain applicable) -
a-decay or emission of a-particle:

When. a(fparticle “is emitted out of any nucleus then due to- law of
conservation of matter the mass number of the nucleus decreases by 4, and due to
law of conservation of charge, the charge of the nucleus decreases by a magnitude
of 2e 1 e the charge number of the nucleus decreases by 2. It is due to the fact that
the mass number and charge number of the emitted particle a is 4 and 2
respectively. The emission of the a-p'articie is represented by the following equation

4X — 473y + %He

Here X represents the parent and Y the daughter element.

Example: : ‘

To explain the emission of a-particles we take the example of radium 3gRa.
The emission of an a -particle from radium 226, results in the formation of radon
gas ‘32Rn This change is represented by the following equation
2%pa — 2%2Rn + 3He e md

- y
—~ (1<) ((
\ [~ -

Note: N 72 \ o= )
It may be remembered that the(sum of the \mass numbers and the charge
numbers on both sides of the equatlon{reequar o= U
p-decay or emission of B-particle: — .

When a[qur"ngfbasemmed out of any nucleus, then its mass number does
not undergo any change but its charge number increases by one. The emission of a
p-particie from any element X is represented by the following equation

§X — 7Y + Qe

That 1s why at the time of emission of a f-particle the charge number of the
nucleus increases by one but no change in its mass number takes place as the
mass of electron 1s exceedingly smali as compared to the mass of a proton or a
neutron
Transformation of an electron:

The transformation of an electron at the moment of its emission is given
below by an equation ’

: on — H + _Jé

Example:
» It has been observed that thorium 233% iS tr§n§fgfr?egjz,fg._n;@aprotactinium
o1 a after the emission of g -particle. The following lequation represents this
reaction A G AWMLY :

y-decay or emission of y-particle:

- When ,a.y-@di‘a@ién issues out of nucleus then neither the charge number Z
not the mass ’riu’l'hbe"r A of the nucleus undergoes any change. It is due to the fagt
that a y-radiation is simply a photon that has neither any charge nor any mass. lis
emissiQn from the nucleus has some resemblance with the emissian of a photon of
light from an atom. -

The emission of y-radiation from a nucleus is generally represented by this
equation



?A

7 S i Jre\uo’* I
Here --X representy 3n ex (it i.'w" Ny, ) S A pT B e sgae
Q12: Explain the phenompm_: gr haif hfc of .3 radma-ctwg clem mt How o
half life of a tadncnc{)ve ‘eiement can be determined?
Ans: Half hfe. RN AR
Halif- flfe Of a rad|oact|ve element is that penod in whichk haif of the atoms of

the parent element decay into daughter element.

Explanation-

i "The half-life T,, of a radioactive element is that period in which haif of the
atoms decay".

ii. Infinite time is required for complete decay:

No radioactive element can completely decay. It is due to the reason that in
any half-life period only half of the nuclei decay and in this way an infinite time is
required for all the atoms to decay.
fii. The number of 3toms decaying in 3 particular period is nroportioral to the
number of atoms present in trne beginning of the veriod. If the numbe- of atoms to
start with is rarge then a large numoer of atoms will decav in thes vr“*zod and +# the

Measurement af half hfe _

and the number ot a’omc- \i \
AR 1,11 AU T AN e - N At
Or “J,“ N AN = —ANAt .. (1)
where 4 is the constar' 2* popotinnality and 1s cailed decay Zonstan:
Decay constant (4):
"N o= ANAU O . (1)

Eq 1 shows thas if ihe decay constant of any oalement '« !arge than in a
particular intervai moie of its 2tr~w sl decay and if the corstant ks smail ther in
that very intervat less numoer 27 ators wil decay

From Ea. 1 we car dzfinre gecdy constant 2 as gqiver telow
aN.
A = - i N
’ bt

here AN/N 1s the fraction of the Jecaying atoms. Thus decay .onstant of any
element is equai to the fraction of the decaying atoms per unt time The neqative
sign in the Eq. 1 indicates the decrease in the =
number of atoms N. N
Unit of decay constant: A Nanra

The unit of the cecay constanns s ()

The decay aoity\(of "a‘\y}radroactwe
element can be ‘,hwm py a-ﬂq*aoh-r‘ method also.
Decay curvei) [\

We kn"-ﬂ- "a. evary redicactive etement
decay at a particua: raie with utme il we draw a
graph between number cf atorms in the samp'e of S
the radicactive element presen: at different umes T.‘_ 5T ~st—
and the time *the2n 3@ curve g cnowr P Fg o wil be

No Of radicactive nucht
e e

Z 2
4
5/
2!




obtained This graph shows that in the beginning the numbex ofatoms present in the
sample of the radioactive element v.as, N withthe passagecof time the number of

these atoms decreased due tc their ggcay(This graph is called decay curve
Explanation: L BLETRAR T S - o

i After a period/jof ‘one’ half-ife No/2 number of atoms of this radioactive -

element is Teftf_"tf)’élhhdf If we wait further for another half-period than half of the
remaining No/2 atoms decay. and 1/2 x No/2 = (1/2) No atoms remain behind =

ii.  After the expiry of further period of a half-life, half of the remaining (1/2)° No
atoms decay. The number of atoms that remain un-decayed is 1/2 x (112)° No =
1/2)* No.

§ii. ) \;Ve can conclude from this example that if we have N; number of any
radioactive element then after a period of n half-lives the number of atoms left
behind is (1/2)" No.

For example: . .

The half-life of uranium-238 1s 4.5 x 10* years while the half-life of radium-
226 is 1620 years The half-life of some radioactive elements is very small. for
example, the half-life of radon gas is 3.8 days and that of uranium-239 is 23.5
minutes ) IENIANE O
Relations exist between the decay constant i and the half-

4T = 0688\ \2AV - 2) |

Eq. 2 shows thét'-,\:’\.,,|"f,,“i:’t‘h.ef"‘...d‘e’:‘éa\}---’co”ﬁstant A of any radioactive element is
known, its half-life. canbe found ~
Q13: Explain briefly the interaction of radiation with matter?

Ans: Interaction of radiation with matter:
a. Interaction of a-particles with matter:

An a-particie travels a well defined distance in a medium before coming to
rest. This distance is calied the range of the particle. As the particle passes through
a solid, hauid or gas. it loses energy due to excitation and ionization of atoms and
molecuies in tne matter The ionization may be due to direct elastic collisions or
through electrostatic attraction lonizat:on is the main interaction with matter to
cetect the particle or to measure its energy The range depends on the

life Tj_/z:

i. . charge. mass and energy of the particie and
ii. The density of the medium and ionization potentials of the atoms of the
medium A

Since q-particle is about 7000 times miote massive than an electron, so it
does not suffer any appreciable.deflection from-its straight path, provided it does not
approach too olosely t0\\the nucleu\s of the atom. Thus a -particie continues
producing intense. jonization along its straight path till it loses all its energy and
comes almOStit_J,_td."reSt. It. then. captures two electrons from the medium and
becomes a neutral helium atom
b. Interaction of p-particles with matter:

fi-particies also lose energy by producing ionization However, its ionizing
ability is about 100 times less than that of «c-particles As a result its range is about
100 times more than a-particles S-particles are more easily deflected by collisions
than heavy «c-particies. Thus the path of p-particles in matter 1s not straight but



shows much stragghng o; SCGHEHHQ The rarige Of {s‘ pamcles IS measured by the
effective depth of penetration into the' rﬁeduum not by the length of erratic path The

more dense the matlengdl through which the particle moves, the shorter its range will
be

C.

J|

Interact:on of y-particles with matter:

Photons of y-rays. being uncharged, cause very little ionization. Photons are

removed from a beam by either scattering or absorption in the medium. They
- interact with matter in three distingt ways, depending mainly on their energy
(i) At low.energies {less than about 0 5 MeV) the dominant process that

removes photons from a beam is the photoelectric effect.

(i)  Atintermediate energies, the dominant process is Compton scattering

(iii) At higher energies (more than 1 02 MeV), the dominant process Is pair
production.

Note:

In air y-rays intensity fafis off as the inverse square of the distance from the
source, in much the same manner as light froma, Tamp \In solids, the
intensity decreases exponentua,ﬂy wuh m.creas:ﬁg depfh of penetration into
the matenal. Al \
Relation between the intemtty Iqw'}nd‘d‘lstance.
The mtensxty \ f a beam affer passing through a distance x in the medium
1S reduggpi lzkensdy | given by the relation
1= Jge™
Where p is the linear absorption coefficient of the medium. This coefficient
depends ‘on the energy of the photon as well as on the properties of the
medium

Q14: . Define fluorescence. Describe interaction of neutrons with matter?
Ans: Fluorescence: |
"Fluorescence is the property of absorbing radiant energy of high frequency
and re-emitting energy ‘of low frequency in the visible region of
electromagnetic spectrum’” | )
Charged particles a or 8 and y-radiation produce fluorescence or glow on

strking some substance like zinc sulphide, sodium :odrde or barum
platinocyanide coated screens

Interaction of neutron with matter:

Neutrons. being neutral particles, are axtremeiy penetratmg pamcles To be
stopped or slowed, a neutron must undergo a direct collision with a nucleus or some
other particle that has a(mass- mmmMMe to that of the neutron. Materials such as
water or plastic, whlcq contain'more low-mass nuclei per unit volume, are*used to
stop neutrons, JNeuimﬂs produce a little indiréct ionization when they interact with

matenals coritaming hydrogen atoms and knock out protons. -




Q15:" Illustrate the summary of natureof ..y, radiatmn‘?
Ans: Summary of the nature of «. 8 y; “radiation:" :

s e i

Characten_strcs -gamcles“-g l*'PEI‘E'SJ?S e y;r_ay_s_ 1'

1. Nature Hef:um nuclml “Electrons or ' E M waves from

! _}__J—;;-.J:;J} 3,of charge 2e | positrons from + excited nuciel with
NNNARE ! the ~ucleus of no charge ,
e o __, _chargete . _ |
2. Typlcat sources . R g_c_iopﬁigz ‘_H_-_Sptront:um -94 Cobalt-60
3. Ionization (IonT About 10° | About 10° About 1 1
pairsmm’inair) | - B
4, Range in air . Several Several metres Obeys inverse |
__ | centimetres ' square law_
5.Absorbed by - | A paper 1~5 mm of Al 1~10 cm of leag |
sheet sheet

16. Energy spectrum | Emitted with | Variable energy | Variable energy

the same
_ energy _ AL

7.Speed ~10'ms -1 x 10r s "\ (KX 0°ms |

\ A~

Q16: What are the radiation detectors? NN
Ans: Radiation detectors: |V /|||
i. Nuclear radiations, oannot be \tected by our senses, hence, we use some
observabie detecting mbthods empioying the interaction of radiation with matter.

ii. Principle of radiation detector: .

Most detectors of radiation make use of the fact that iomzation is produced
along the path of the particle
Types of radiation detectors:

These detectors inciude Wiison cmud chambper Ge;ger counter and soiid

- state detectors.

Q17: Explain briefly the construction and working of Wilson cloud
chamber?

Ans: Wilson cloud chamber:
tis a device which shows the visitie path of an ionizing particle It makes use of the
fact that supersaturated vapours condense preferentially on ons
Construction and working of Wilson cloud chamber.

i. If an iomzing particle passes through

Camut.n

a region in which cloud droplets are [\ (| N
about to forin the droplets) wm farm \\ U2
first along ther pamc!es Cpath,  Glass Window Heaaton
showng_the jpa as a trail of = %Y
: dmplet,aj"- SN : Vapours A =
i, Cylindrical glass chamber: g

The apparatus consists of a
cylindnical glass chamber closed at’
the upper end by a glass window
and at the lower eng by a movable Wilson Cloud Chamber
piston.




iti. Black felt pad: CANY [ (@0

A black felt pad soaked in ' alcohcﬂ 15 placed °” a meta plate inside the
chamber The air soon becomes saturéted with alcohol vapours.

iv.  Bicycle pump:/| |\ \\ |

A rapid, ngp rgslron"as produced by pulling quickly the piston of the bicycle
pump having the leather washer reversed so that it removes air.
V. Adiabatic expansion:

The sudden cooling resuited from adiabatic expansion helps to form
Supersaturated vapours.

vi. Chamber:

As radiation passes through the chamber, ions are produced along the path
The tiny droplets of moisture condense about these ions and form vapour tracks
showing the path of the radiation.

vii. Atomic versions of the ice crystals:

These are the atomic versions of the ice crystals left in the sky by a jet plane
when suitable conditions exist. The fog tracks are illuminated with a lamp and may
be seen or photographed through the glass window. (|
viii. Cloud chamber track of a -particle: _ —{\/, YARE

The a-particles leave thick: stra“;ghi and commuous tracks due to intense
ionization produced by them asshown\n Fig.\ -

iX. Cloud chamber tmnk of 8 -particle:

B-particies E ‘thm and discontinuous tracks extending in erratic manner
showing frequent eftecnons
X. Cloud chamber track of y -particle:

. y-rays leave no definite tracks along their path.
Length of cloud track:

The length of the cioud tracks has been found proportional to the energy of
the incident particle
Application of high potential difference:

. A high potential difference of the order of 1 kV between the top and bottom
of the chamber prov:des an electric field which clears away all the unwanted ions
from the chamber to make it ready for use. The tracks seen are. therefore, those of
rays that pass the chamber as the expansion occurs.

Application of magnetic field:

The chamber may be placed in a strong magnetic field: which will bend the
paths prowiding information about the charge,mass’ and .energy of the radiating
particle In this way. it has helped im the- dlscovery of\many new particles
Cloud chamber tacks of.‘a {3 ,""’ radlatmnsv

e R
R azm R T
5/ )

u- Particle P- Particie v-Rays



Q18: Explain briefly the constructlon and workmg of Gelger-MulIer
counters? A\ \ WA= L
Ans: Geiger-Muller counters' \\ U
Gelger-Muller tupe |s awell- known radiatlon detector
Principle: [\
The dtécharge in the tube results from the ionization produced by the
incident radiation.
Construction and working of Geiger-Muller counters:
i. It consists of a stiff central wire acting as an anode in hollow metal cylinder
acting as a cathode filled with a suitable mixture of gas at about 0.1 atmospheric
pressure. One end of the tube has a thin mica window to allow the entry of a or -
particles and other end is sealed by non-conducting material and carries the
connecting pins for the two electrodes.
i, A high potential difference, (about 400 V for neon-bromine filled tubes) but
slightly less than that necessary to produce discharge through the gas is maintained
between the electrodes.

Argongas  Cathode  Anode
Gelger - Muller Tube

iii. When radiation enters the tube, ionization is produced. The free electrons
are attracted towards the positively charged central wire. As they are accelerated
towards the wire by a strong electric field, they collide with other molecules of the
gas and knock out more electrons which in turn do the same and produce a
cascade of electrons that move towards the central wire. This makes a short pulse
of electric current to pass through an external resistor. It is-amplified and registered
electronically. The counter, which also prowdes the power :s called a scaler.

iv.. Cascadeofelectrons: | © /

The cascade of electrons proc@ced by the entry of an ionizing particle is
counted as a single pulse' of approxlmately of the same size whatever the energy or
path of the pam?#e ‘mayk “it-cannot, thus, discriminate between the energies of the
incident particle as output pulses are same.

V. Time for electron pulse:

The entire electron pulse takes less than 1 us. However, positive ions, being
very massive than the electrons, take several hundred times as long to reach the
outer cathode. During this time, called the dead time ("10™ s) of the counter, further
Incoming particles cannot be counted



vi. When positive ons strike the cathode becor\dary eiectroriﬁf re emitted from
the surface These electrons would pe: ac;eierat@d (¢} gxbe further spurious counts
This I1s prevented by mixingqa small am” t‘ of quencnmg gas with the principai gas.

vii.  Quenching gas. 2\ NS

The QU*:‘”Ch !‘9 S\ st nave an 1onization potential iower than that cf inert
or principal gasy JTﬁfué the ions of quenching gas reach the cathode before principal
gas 1ons When they reach near the cathode. they caplure electrons and become
reutral molecuies Following neutralization, the excess energy of the guenching-
molecules s dissipated in dissociation of the molecules rather thar in the reiease of
etectrons trom the cathode
vitl.  Bromine gas i1s added to neon gas The promine molecuies absorb energy
trom the :ons of secondary electrens and aissoriate inte brom:ne 3toms The atoms
then readily recomping into moecus agam o e naxt o ise The gas quenching
1S Caiteq sell quercning
ix. Although ail commercial Cenger tubes are s&lt guencred 1t is comimon
practice to Jse electronc quenchiag i altdtion For this purposes 3 large negatve
voltage s apphec to the anode 1 mediately atter recording the -utpy! pulse This
reduces the eiecinc field veicw tne crucai vaue for TR atapl lcolision The
negative voltage remamns unti all the posrhve cfms\a\rt C(JHECXEG a! cathode thus
preventing secondary puises A\RSR\BACRD:

Uses of Geiger Muller counter:\| 0\

Geiger counter, an be used‘to determane the range cor penetration power of
ionizing particie \\}“he‘)r duction in the count rate by inserting metai plates of varying
thickness betw’een the source and the tube helps tc estimate the penetration power
of the incigent radiation
Limitations of Geiger Mufler counter:

Geiger counter is not suitable for fast counting, 1t 1s because of its retatively
long "dead time" of the order of more than a mithisecond which fimits the counting
rate to a few hundred counts per second If particies are incident on the tube at a
taster rate. not ail of them will be counted since some will arrive during the dead
tme Solid state detectors are fast enough more etficient and accurate
Q19: ‘Explain briefly the construction and working of solid state

detector?

-Ans: Solid state detector:

A sohd state detector s a speciaity
designed p-n Junction operatng under a  /
reversed bias «n which electron-hole f;alrsa drew-{'
proauced by the incigent rad:atro‘vﬂ 7 Hanse )\
current pulse 1o flow Inrourgh the exle‘rr\m‘ e '

Constructlon anq yv]orkmg 'of solid state s

detector: < [\[|\'\ '

. The detcctar 12made Yo g potype i Am;?m:
siicon of germamum  An ntype thin iayet s : anc

produced Dy doping the top surtdce with gonor Scler
typv impurity ' ¢

. Tne 1op and LOeM. sutaces are coateg ' _""'J——.

with 3 thir layed (o} god W Mmura Qoo Soiul staie detectos



conducting contact with external circuit. ~ 1\~ (| <

iid. The combined thickness of n*type and goid Iayer absorbs so less energy of
the incident paiticle that the }uncncm méy be assumed to be situated at the front
surface Trus is knowp. i [the 'surface barrier type detector

iv. A reversé;bags 1S apphed through the two conducting layers of goid This
enlarges the charge free region around the junction called depletion region
Normally no current flows through the circutt When an incident particie penetrates
through the depletion region, it produces electron-hole parrs.

V. These maobile charge carrniers move towards the respective sides due to
applied electric field. This gives rise 1o a current in the external circuit due to which a
pulse of voitage is generated across the resistance R This pulse 1s amplified and
registered by a scaler unit

vi. The size of the pulse i1s found proportional to the energy absorbed of the
inclaent particle. The energy needed to produce an electron-hole pair 1s about 3 eV
to 4 eV which makes the aevice useful for detecting low energy particles.

Uses of solid state detector:

i The collecton time of electrons and holes is. _Auch Iess than gas filled
counters and hence a solid state detector caf'cqunt irery fasr

il it 1s much smaller in size than any cher \detector and operates at low
voltage. 2 N\

iii. The solid sta& a@temor is' used for detecting a or -particles but a specially
designed dew@él ca B’e used for y -rays.

Q20: Explain briefly nuclear reactions?

Ans: Nuclear reactions:

While studying radioactivity, we have seen that an.a particle is emitted from
radium-226 and radom-222 is obtained This nuclear change is represented by the
following equation

22600 — 2L2Rn + 4He
Such an equation represents a nuclear reaction Above mentioned nuclear reaction
takes place on its own accord.
i. Rutherford experiment on the nuclear reactions:

It was Rutherford who, first of all, expressed his opinion that besides natural
radioacuve decay processes, other nuclear reactions can also occur-A particle x is
bombarded on any nucleus X and this process y1eid a nucteus Y and a‘light object y
as given below

)( ~+ x -~ YL+ y
Rutherford performed an' expé\ment on the nuclear reaction in 1918 He
bombarded a- pamclgsj‘cbn mtrogen He observed that as a result of this reaction,
oxygen is obtained and a proton is emitted. That is
14N+4HE —_— 17O+1H
This reaction indicated that when a-particle enters the nucleus of *N then
an excitation is produced in it. And as a result of it 770 and a proton are produced

Since the experiment of Rutherford innumerable nuclear reactions have been
observed.



Conditions for nuclear reactions: - [z (C

For nuclear reactions to tame p‘ace the: fuiﬂmenq of/ <:er1a ‘N CONQILIONS S a
must \

Before ana after any nuciear reaction the number of protons and neutrons
must remain the same tppcause brotons and neutrons can neither be destroyed nor
can they be. Cf#*atg% /W& “elaborate this point from the example of Rutherford's
nuclear reaction of 1 AN and %He Here

BN v e — ~J0 + iH

Number of protons = 7+2 = £~ 1

Number of neutrons = 7+2 = G+ U

A nuclear reaction can take piace only when the total energy of the reactants
including the rest mass energy is equal o the total energy of the products.

Discovery of neutron by nuclear reactions:

By bombarding different elements with a-particles, protons and neutrons,
many nuclear reactions have been produced. Now we describe one such nuclear
reaction with the help of which James Chadwick discoverea neutron in 1932. When
sBe was bombarded with a-particles emitted out of 23%P0 , then as & result of a
nuclear reaction, '4C and a neutron were obtained. This reaction is‘shown below
with an equation. 18N (OB

3Be + 3He —b\}C\ K \In,

As neutron carries Ro charge AF ergfme\ :
it presented a great amoun of drﬁch ~for its
identification. Any!’@ W] 'when' neutrons were
passed throug c’k*of paraffin, fast moving
protons were éjerted out and these were easily .
identified. It may be remembered that a large
amount of hydrogen is present in paraffin and
the nuclei of hydrogen atoms are protons. The
emission of protons is the consequence of
elastic collisions between the neutrons and the
protons. This indicates that the mass of
neutron is equal to the mass of the proton.
Note:

The discovery of neutron has brought in a revolution in nuciear reactions. as
the neutrons carry no charge so they can easily enter the nucleus th shows the

arrangement of Chadwick's experiment for the discovery of neutron_
Q21: Explain briefly nuclear ﬁss;on w:th the hn!p of examples?
Ans: Nuclear fission: y A\ \ |

“Such a reaction in whacn a hea»y numeus‘ &

like that of uranium sp’ﬂt‘ upf',nro\WO Nucter o 7/" Py

roughly equal size qﬂg with the emission Of energy /Q

during the reammn Zallea fission reaction” '

Explanation: . T e
Otto Hahn and Fritz Strassmann ot Germany ™y

while working upon the nuclear reactons wscover \\C‘:

the nuclear fission They observed that when slow o

moving neutrons are bombarded on “{3l/ then as a



obiAined. I\ |
: it may be ﬂ@mémb‘e‘réd that the 11a53 of hoth kryptein and batiuin 131€5s than
that of the m’ags ©f aranium.
Secondly a very large amount of eneérgy is given out in this reaction
Example:. :
Fission 1eaction of 235U can be repfesenh,d Dy H @ equanch
35 + In - Mlpa + JIKr + 300 + Q
Heie G is the energy given out in !h.; re Maur‘ ?5, compaitiyg tha weta
energy on the ieft side of the equation \vith total encigy 57 (T Hg L s e find
that 1 the fission of one uranium nucicus about 200 Mey/ cimrgy 1€ Gived ol

Binding encrgy:
" For exampie the binding energy per nucleoi for urarum is ab

aut 't 7 NeV

]

Comrpounit
nasieus

:lt" \
I "

and the products of {he fission reaction of uranium, nameiy barium and krypton,
have binding energy of zbcut 8.5 MeV per nuclecn. Thus when a uranium nucleus
breaks up. as a resuit of fission reaction. into barium and krypton, then an energy at
the rate of (8.5 - 7.6) = 0.9 MeV per nucieon is given out. This means that an energy
235 x 0.9 = 211.5 MeV is given out in the fission of one uran umy, nucleu&

‘Note;

Process ¢f Fisalon reaction

The fhssion p'of“esc cf uramum doc not a*waxo DFCGJ(‘E the same
fragments (Ba, Kr). In fact any.of thé/two ‘nuciel presem in th¢ upper horizental part
of Linding energy could be produced\l'wo possible tission reactions of uramum- are
given below as amexak’nple
l| JI \J M «.uU + On —— 132572 + 10 AMC + 3 In + Q
235U +in — ”"XP +33S + 240 + Q°
Hence in the uranium fission reaction several orouuc?s ray be produced All
of these products (fragmerts) are radioactive.



Q22: Explain briefly Fission chatn reactlon with the hE'P Of examples7
Ans. Fission chain reaction:

During fission reaction: ;’-a‘hqgeus .»of uramum 235 abscrbs a neutron ang

breaks into two nucle: -.0‘. aknost equal masses

\ M\ »
pesiaes ermt[mc m»@dr th*ee neutrons. ',4":—-'

By pioperly using these neutrons fission el i
reaction can pe produced in more uranium atoms ,_...2.,‘_'_9..»:::__...
such that a fission reaction can continuously v\e T
maintain itself. This process is calied fission chain

reaction %
Explanation:

Suppese that we have a definite amount of 30U and a slow neutron
onginating from any source produces fissicn reaction in one atom of uranium. Out of
this reaction about three neutrons are emitted. If conditions are appropriate these
neutons produce iission in some more atoms of uranium. in this way this process
rapidly proceeds and in an infintesimal smali time a
targe amount of energy along with huge explosion is
preduced. Fig 1i1s the representation of flSSIOﬂ cham’;;,;*
reaction. -~ O
Critical volume:

Such a mass o, uramum m\vhlch‘ one neutron
out of all the neutronfs produced in one fisgion reaction,
produces furmer“ﬁéasmn is called critical mass. The
volume of this’mass of uranium is called critical volume.

Atom bomb:

If the inass of uranium is much greater than the
critical mass. then the chain reaction proceeds at a
rapid speec and a huge explosion is produced. Atom
bomb works at this principle.
Note:

if the mass of uranium is tess than the critical
mass the cnhain reaction does not proceed
Energy obtained in an atomic reactor (controlled fission reaction):

if the mass of uranium 8 equal to the critical mass, the chain reaction
proceeds at nis mitial speed and in this way we get a
source of energy Energy. in an atomic reactor, is — X
obtained according to this principle. The chain reactmn;‘ AL,
is not aliowed to run wild, as in an atamtc bomb but s
controlled by a senes \of- rods \uSuaNy made of
cadmium, that are mserted mto the reactor. Cadmium
is an element that) \so capable of absorbing a large
number of’Heutrons without becoming unstable or
radioactive. Hence, when the cadmium control rods
are inserted into the reactor, they absorb neutrons to cut down on the number of

neutrons that are available for the fission process. in this way the fission reaction is
controlied.




Q23: Explain construction and worksng'of nucfear ‘Eai;tor’
Ans: Nuclear reactor: WZAREOR

Nuclear reactor is the arrangeme\t AN whm COMrots ﬁd JCieai fission chain
reaction is carried out tor use the energy produced during (1s DFC‘
Nuclear reactoﬂahd furnace:

In a nuclear power station the reactor plays the sarne part as daes furnace in
a thermal power s:ation. in « furnace, coal or oil 1s burnt to produce heat, white in a
reactor fission reaction produccs n;at
Nuclear power station:

When fission takes pface in the aton of ur: m.umuor any cther heavy atom
then energy at the rate of 200 MeV per nucieus is produced This energy appears in
the form of kinetic energy of tne fission fragments. These fast moving ‘fragments
besides: colliding with one another also collide with the uranium atoms 0 this way
their kinetic energy gets transformed in heat energy. This heat is used 1C produce
steam which in turn rotates the turbine. Turbine rotates the generator which
produces electricity. A sketch of a nuclear power station is shown in Fig
Hot sieam AN (7

Prescurized
l walur

M NN
Pump

Construction of nuclear reactor:

A reacter usualty has four important parts. These are;
- 1. Core of nuclear reactor:

The most important and vital part of a reactor is calied core Here the fuel is
kept in the shape of cylindrical tubes. Reactor fuels are “of (various types. Uranium
was used ae fue! in the elementary :eactors n’this fuel the quantity of 233U is.
increased from 2 to 4 per.ént It may be'remembered that the quantity-of ~.,2U in
the naturaliy occurrmg uramum is only 0.7 percent. Now-a-days plutonium-239 and
uranium-233 are dis0 being used as fuel.

2. Moderators:

The fuel rods are placed in a substance of small atomic weight, such as
water, heavy water, carbon or hydrocarbon etc. These substances are called
moderators. The function of these moderators is to slow down the speed of the
neutrons produced during the fission process and to direct them towards the fuel.

|;Cc’denaer

-;1 E Pump :j' ‘[—‘ . ,
VWater j-’— “] ‘_, R
by g tal VWater

Heat exchanrge ot




Use of heayy water;

Heavy water, it may be rememberedf“ls made of 2H a heavy isotope of
hydrogen instead of /1 The| heuirons produced in the fission reaction are very fast
and energetu, and are- pot \suitable for producing fission in reactor fuel like 233U
or L. ‘( Iy

VAN e \Js Nhté purpose slow neutrons are more useful. To achieve this,
moderators are used.

3. Controlled rods:

Besides moderator there is an arrangement for the control of number -of
neutrons, so that of ail the neutrons produced in fission, only one neutron produces
furtner fission reaction. The purpose is achieved either by cadmium or by boron
because they have the property of absorbing fast neutrons. Jhe control rods made
of cadiniurn or boron are moved in or out of the reactor core to control the neutrons
that can inttiate further fission reaction. In this way the speed of the chain reaction is
kept unaei conucel In case of emergency or for repair purposes control rods are
aliowed to fall back into the reactor and thus stop the chain reaction and shut down
the reactor.

4. Use of steam to run turbine: -

Heat 1s produced due to chain reaction taking| Piace §n {he“core of the
reactor The temperature of the core, ﬂweretore. rises to about 500°C. To produce
steam from this heat it is transpor‘ted to\heat’ ~exchanger with the help of water,.
heavy water or any other; hquid under \igh pressure. In the heat exchanger this heat
is used to produce hag!m temperature steam from ordinary water The steam is thern
used to run th@Jtuﬁane which in turn rotates the generator.to produce electricity. The
temperature of the steam coming out of the turbine is about 300° C. This is further
cooled to convert it into water again. To cool this steam, water from some river or
sea is. generally, used In Karachi nuclear puwer plant (KANUP), heavy water is
being used as a moderator and for the transportation of heat also from the reactor

core to heat exchanger, heavy water is used. To cbol steam coming out of the
turbine, sea water is being used.

Q24: Briefly describe the disposal of nuclear fuel?
Ans: Disposal of nuclear fuel:

The nuclear fuel once used for charging the reactor can keep on operation
continuously for a few months. There after the fissile material begins to decrease.
Now the used fue! is removed and fresh fuel is fed instead. In the used up fuel
intensely radioactive substances remain. The haif-life of these radioactive remnant
materials 1s many thousand years. The radiations and-the pafflctes emitted out of
this nuclear waste is very injurious and harmfui to me living things. Unfortunately
there is no proper ar'angement of the dtsposai of the nuciear waste This cannot be
dumped Into oceans (or \left’ In\ @ny\ \place where they will contaminate the
environment, such as through the soil or the air. They must not be allowed to get
intc the drmktmg,w.'ate# The best place so far found to store these wastes is in the
bottom of old sait mines. which are.very dry and are thousands of metres below the

surface of the Earth. Here they can remain and decay without poliuting the
env.ronment.

Q25: Ilustrate the types of reactors?
Ans: Types of reactors:

There are two main types of nuclear reactors. These are:




(1) Thermal reactors
i. Thermal reactors: \ \ 70\
a. The thermal reactors are\ caHed "thermal" because the neutrons must be
slowed down to "therrpat energaes" to produce further fission. They use natural
uranium or slightly. lenfichied uraniym as fuel. Enriched uranium centains a greater
percentage of-U-235 than natural uranium does.

b. There are several designs of thermal reactqrs. Pressurized water reactors
(PWR) are the most widely used reactors in the world In this type of reactors. the
water is prevented from boiling, being kept under high pressure. This hot water is
used to boil another circuit of water which produces steam for turbine rotation of
electricity generators.

fi. Fast reactors: |

Fast reactars are .designed to make use of U-238, which is about 99%
content of natural uranium. Each U-238 nucleus absorbs a fast neutron and
changes to plutonium-239. '

zqu + n — 239Np + 1°1Mo + _(m
ZINp — Bpu o+ 8 -

Plutonium can be fissioned by fast neutrons,- hencé moderaior |s not needed
in fast reactors. The core of fast reactors- conststs \of a mixture of plutonium and
uranium dioxide surrounded by,a/bian@ of uramum 236,

Note: |

(ii) Fast roautors

Neutrons tr capeffrom the core interact with uranium-228 in the blanket,
producing thergby"p utomum 239. Thus moere plutonium fuel is bred in this way and
natural uranium ts used more effectively
Q26: Briefly explain fusion reaction?

Ans: Fusion reaction:

"Such a nuclear reaction in which two light nuclei merge to form a h=avy
nucleus is called fusion reaction”. '
Explanation:’

I During a fusion reaction some mass is iost and I's equivalent energy te given
out. In a fusion reaction, mor2 enrergy per ruclecn car o r>.nad as
compared to the fission reaction.

il. - But unfortunately it is comparatively mare difficuit to produce fisicr Two
positively charged hight nuclei must be brought very ciose to cre anctarr 19
do so work has to be done against the electrostatic frarc;e or repulsion
between the positively charged nucle Thus a vary ‘arge amounrt of ener gy Is
required to produce fusion reactton \\

it Greater amount ©f "\ energy ‘can\\ be eb*amed dunng a fus:ion reacticn

compared to that praduued dunno a fission reactiQn, but in order tv) start this
reactuon ?vefy }érge amount of energy is spent,

Note:

On the contrary no dlfflcult)‘ Is faced 10 start the fission reaction because
neutron has no charge on it and it has to face no repulsive force while reaching the
nuclieus.

L5



Examples:

Let us now take thp emmple"o\\a fusxon reactuon when two deuterons are

merged 1o form 3 belium npcieus 24 MeV energy is released during this process

le ) \T‘JV-JI 1! J\ [ AL -

N H + 4 — iHe +24 MeV-
But there s 3 very little chance of the formation of *He nutleus by the merger of two
deuterons. The probability of occurring such a reaction is great where one proton or
One reutror 1s produced as given below:
H+ IH — . 30+ 1B + 24 MeV
or % T+ 2H — 3He + 3n + 24 MeV -

$1n-both of these reactions about 1.0 MeV energy per nucleon is produced
which is equgj to the energy produced during ftssmn If 2H and 3H are forced to fuse
then 1? 6 MeV energy is obtained i e,

H + 3H — '*He + in + 24 MeV
Difficulties to "achieve nuclear fusion reaction:

» We Know that for fusion of .two light nuclei the work has- 40\ be done to
overcome the repulsive force which exists between them, For tﬁ}_s the two nuclei are
hurled towards cne._another at a very h)gh speed Qna me’fhod to do so is to give
these nuclei a very large velocity- with/the | he!p ‘of ‘an acceterator. This method has
been used in the research study \of, \duclear fusion of {H-and 3H. But this method of
nuclear fusion for gel,»ttnpg energy cannot be used on a large scale
Fusion reactu@h \by thermo-nuclear reaction:

There is ancther method to praduce fusion reaction .It is based upon the
principle that.the speed of atcme of a substance increases with the increase in the
temperature of that substance. To start a fusion reaction the temperature at which
the requred speed of the light nuclei can be obtained is about 10 mitlion degrees
Celsius. At such extraordinarly high temperature the reaction that takes ptace is
called thermonuciear reaction  Ordinarily such a h:gh temperature cannot be

af'h,eved Howevear during the expiosion of an atom bomb this. temperature can be
had for a very short time.

Hydrogen bomb:

Untii now the fusion reaction is taking place only in a hydrogen bomb. That
extraordinary high temperature is obtained during the explosion of -an atom bomb,
due to this nigh temperature the fusion reaction between ’H and 1H sets in. in this
way a very la:ge amount of energy 's gwen out wrth the explosron
Note:

A very large amount of energy can be had from a fu51on reaction, but till now
this reactor has not been brought under control like a fission reaction and so is not
being used to produce lelectnc:ty Efforts are in full swing in this field and it is hoped
that in near fut ureJ §GMe method would be found to control this reaction as well.
Q27: Give the significance of ozone?

‘Ans: Significance of ozone: -

Ozone on the surface of Earth is a corrosive and poisonous gas but at the
height of 20-50 km from the Earth surface becomes vital to life as it absorbs almost
all UV radiations which are harmful to living things.



Q28: Briefly describe the harmful effects of ultra wolet radnatfons?
Ans: Ultra violet radiations cause, C 0 \\ [ =

i Sun burn, blindness and sk},‘ L
ii. Severe crop damage |\ |

iii.  decay of m«gra-brganrsm

iv. disrupt) {he ocean ecosystem

Q29: Briefly describe the nuclear reaction in sun?

Ans: Nuclear reaction in sun:

i The Sun is composed primarily of hydrogen. It has a little amount of helium
and a slight amount of other heavy elements. A tremendous amount of
energy keeps issuing out of it continuously at all times.

il The temperature of .its core is about 20 million degrees' Celsiis and its
surface temperature is about 6000 degrees Celsius.

iii. p-p reaction:
Energy of sun is due to fusion reaction called p-p reaction. During this

process two hydrogen nuclei or two protons fuse to from deuteron Th:s‘ reaction
takes place as Yo\

IH + [H — {H * e+ Ehergy
iv. With the fusion reactlon of deuteron wrth protan ? e an tsotOpe of helium is
formed i.e.

v, in the. |a§t sﬁbdé? he 'wo nuc:er of ‘}!e react in the foliowmg manner.
" 3He + 3He — iHe + JH + 1H + Energy

In this reactuon six protons take part and fma!ly a helium nucleus and two
protons are formed. That is, the result of different stages of this reaction is tnat four
protons have formed cne helium nucleus.

vi. It has been estimated that in this p-p chain reaction, 257 MeV energy. is
given out i.e., 6 4 MeV per nucleon energy is obtained which 's much greater
than the energy given out per nucleon (1 MeV) during a fission reaction

Q30: What is meant by radiation exposure?

Ans: Radiation exposure:

When a Geiger tube is used in any exper:ment it records radiation even
when a radioactive source is nowhere near it. This is caused by radiaticn called
background radiation. it is partly due to cosmic radiation which, comigs to us from
outer space and partly from naturally occurrma radmactwe :.Ubstance in the Earth's

crust.

Cosmic radlation' e\
The cosmic Taglatmn‘ consists  of hlgh energy charged particies and

electromagnetic amatm The atmosphere acts as a shield to absorp some of these

radiations as well as ultraviolet rays.

Depletion of ozone layer:

* * In recent past, the depletion of ozone layer in the upper atmosphere has
been detected which particularly filters ultraviolet rays reaching us. This may result
in increased eye and skin diseases. ‘The depletion of ozone layer is suspected to be
Caused due to excessive release of some chemicals in the atmosphere cuch as




chlorctivorocartons (CFC) used in refngpmt,on aefosoi Spray and piastzc foam
ndustry s use s now bp ing. rep!au;fj By pnwenmentauv friendly chemicals
Radloactwe lQQtopes

Many tuid -nq r]nzatena 5! COhtain sma!I amounts of radicactive isotopes.
Radioactive, rpddh gas: '

Radioactive radon gas enters busidings from the ground. It gets trapped
inside the vurldinig which makes radiation levels much higher from radon inside than
outside A 3o0d ventiiation can reduce radon level ms:de the butldmg
Food containing radioactive substance:

All types of foort also contain a little radioactive substance The most
common are posiassium-40 and carbon-14 isotopes.

X-rays radiations:

Sume radiation in tne environment is added by human activities. Medical
practices, mostly diagnostic X-ray probably contribute the major. portion to it It s an
unfortunate fact that many X-ray exposures such as routine chest X-ray and d=ntal
X-ray are inade for no strong reason and may do more harm thar good. Every X-
rays exposiire shoutd have a definite justification that outwetghs the,nsk
Radioactive waste: ~ (1) Aok

The other sources include radmacnve was(e frqm nuc%ea' facmtles hospnais.
research and ~Musma! estabhshmems’ :'co!our television, luminous watches and
tobacco leaves ORI S
Smoker: “ I
A smolqgn ﬂo‘ bruy lnha|es toxic smoke but also hazardous radiation.

" Note:
i. Low ieve! background radiation from natural
scurces is normaily considered to be harmiess.
if. However, mghe: ievels cf exposure are certainly
damaqing
i’i. We cannot avod exposure te radiation. However,

the best advice s to avold unnecessary exposure
to any kind of ionizing raciation.
Q31: Draw a symbol universally used to indicate the radioactivity?
Ans: This symbol 1s unwversally used to indicate an area wtere radioactivity is
being hangdled or artificial radiations are being produced.
Q32: Briefly describe some biological effects of radlatlon? What are the
units of radiation? ) O\
Ans: Units of radiation: N
' The streng*" of zhe radEaIiOﬂ so‘u ce‘.,:s
Becquere! (Hq; \ N
Becquerel (Bq):
One Bf*rqubrél 8 one dlsmtegraﬂon per second.

Curte (Ci): 10
A larger unit is curie (Ci) which equals 3.7 x 10" disintagrations per second.

./uﬁ‘d‘iéétéél 6y~1’ts activity measured in

/



Dose (D): \
The effect of radiation on @ body absorbmg |t relates to a quantlty called
absorbed dose D defined as the energy 1} \absorbed from ionizing radhation per unit

mass m of the absorbmg body
RN Ny £ (M
SI unit of radlatlon gray (Gy): .
Its St unt is gray (Gy) defined as one joule per kilogram.

1Gy = 1Jkg"
Old unit rad:
An old unit is rad, an acronym for radiation absorbed dose.
frad = 0.01 Gy

Biological effectiveness or RBE:
The absorbed dose is multiplied by a quality factor known as relative

biological effectiveness or RBE.

Equivalent dose D,:
The equivalent dose D,, of any absorbed radiation is defmed as the product

of absorbed dose and RBE of the kind of radaatlon bemg absorbeci

S1 unit of equivalent dose is snevert (sv)-.. S

The S! unit of equuvalent doselissievert (Sv)

J HJ',‘-_:-' 1SV = 1GY"‘RBE
J l

Rem: \/VA

An old umt the rem is equal to 001 Sv.

1rem = 0.01Sv

Biological effects of radiation: .
i Equal doses of different radiations do not produce same biological effect.
il For the same absorbed dose. a-particles are 20 times more damaging than

X-rays.

lil.  The effect also depends on the part of the body absorbing the radiation. For
example, neutrons are particularly more damaging to eyes than other parts
of the body.

lv. . - The background radiation to which we are exposed, on the average. is 2
mSv per year. Doses of 3 Sv will cause radiation burns to the skin.

V. For workers In the nuclear faclhtnes or mmes a week%y dose of 1 mSv 1s
normally considered safe . O 1 \¢

vi. The damage from-q- partlcles mall, unfess the source enters the body, a
and f-particles can cause\redness and sores on the skin.

vil. Low levelp radiation effects:

Some other low level radiation effects are loss of hair. ulceration, stiffening of
the lungs, and a drop in the white blood cells which is followed by a sickness
pattern of diarrhea, vomiting and fever known as radiation sickness.

vill. High level radiation effects:

High levels of radiation may disrupt the blood cells seriously leading to
diseases such as anaeémia and leukaemia




Chromosome abrormalities. or mutatlorl may ‘33“56 ;jelayed genetlc effects
such as cancer, eye cataracts and gbnofralities in the/ future generations. These
may develop many years aﬁer exposuréto narmful radiation.

Q33: Describe r at.qve biological effectiveness (RBE)?

Ans: Relatwe Biological effectiveness (RBE): _ .
Relative Biological effectiveness (RBE
Radiation RBE
X-rays, y-rays and a-particles of 30 keV or more 1.0
a- particies of less than 30 keV 1.7
Neutrons and protons below 10 MeV 10 (body)
S 30 (eyes)
L a pamcles from natural radioactivity 10
__Heavy recoil nuclei 20

L. :
Q34: Briefly describe average radiation doses from a number of common
sources of ionizing?

Ans: Average radiation doses from a number of common sources of iomzlng_

Types of Expasure [ AWEON mSv

Watching television- fora year o 10
Radiation from nuclear/power stations for a year | 10 -

Wearing a radtoacﬁv " "'viummcué watch for a year (now not very 30
Y common)

\ ‘ll\ NN Havmia chest X-ray 200

' Radiation from a brick house per year 750

Maximum dose allowed to general public from artificial sources per 1000

year
Working for 2 month in a uranium mine 1000
Typicat dose received by a member of the general public in a year from 2500
all sources '

Maximum dose atlowed to workers exposed to radiation per year 50000

Q35: lilustrate the half life of different isotopes and their use also?
Ans: Haif-life of isotopes:

| Isotope Half-hfé Gamma ' Example of use |
L energies/ Mev ¢ aE
o S?dium 15 hours 1 37 2 75 -\ (Plasma 'volume -
‘Na S
"7 iron .45 hOUFS 78\ 29 1 10 0 19 iron in plasma
TEChnet'Um—Fre \(] 0.14 Thyfmd‘aptake scan | t
Todine U~ | 8days 0.72.0.64,0.36, ~ Kidney tests ;
2 ©0.28,008 =
|
~ ‘"ib'ii—ne 60 days 0035 Plasma volume Vein |
12 " 1
.

flow




Q36: Write down the biological and medical uses of radtatlom
Ans: Biological and medical uses of radlatton. \NIE :

i. Radioisotopes are used to find out what happens/in many complex chemical
reactions and how:they proceed: —
ii. In biclogy, tqey have helped in investigating into chemical reactions that take

place in plants. hnd animals. By mixing a small amount of radioactive isotope with

fertilizer, we can easily measure how much fertilizer is taken up by a plant using

radiation detector. From such measurements. farmers know the proper amount of
fertilizer to use. Through the use of radiation-induced mutations, improved varieties
of certain crops such as rice. chickpea, wheat and cotton have been developed.

iil. They have improved plant structure. The plants have shown more resistance

to diseases and pest, and give better yield and grain quality Radiation IS also used

to treat cancers.

Q37: Describe the types of radioactive wastes?

Ans: Radioactive wastes are of three types i.e., high level, medium and low level.

All these wastes are dangerous for ground water and land enwronment

Q38: Briefly describe about tracer techmques? -

Ans: Tracer techniques: 76

i A radioactive isotope acts as an’ andmatar or tracer tﬁat makes it possible to
follow the course ofia chem:cai or\ bneiog:cal process.

il The technique i 13 to substltute radioactive atoms for stable atoms of the same
kind in IpSt nce and then to follow the 'tagged' atoms with the help of
radlatlbr? détector in the process.

iii. Tracers are widely used in medicine to detect malignant tumors and in
agriculture to study the uptake of a fertilizer by a plant. For exampie, if a plant is
given radioactive carbon-14, it will use it in exactly the same way as it always uses
stable carbon-12. But the carbon-14 releases g-radiations and thus by measuring
radioactivity in different parts of the plant, the path taken by the carbon atoms can
be known. This technique has helped to understand more elaborately the complex
process of photosynthesis. |

iv.  The tracer technique was also used to identify faults in the underground

pipes of the fountain system of the historical Shalimar gardens of Lahore by the

scientists of Pakistan Atomic Energy Commussion.

Q39: How tracers are used in medical dlagnost:cs and therapy?

Ans: Medical diagnostics and therapy: [/

Tracers are widely used in-medicine fo study the process of digestion and

the way chemical substapges move al out in the body. ~
I Radio-iodine, for( example 'is “absorbed mostly by the thyraid glang,
phosphorus by. ponasdnd cobalt by liver. They can serve as tracers. Small quantity
of low activity radioisotope mixed with stable isotope is administered by injection or
~ otherwise to a patient and its location in diseased tissue can be ascertained by
means of radiation detectors. For example, radioactive 1odine can be used to check
that a person's thyroid gland is working properly. A diseased or hyperactive gland
absorbs more than twice the amount of normal thyroid gland. A similar method can
be used to study the circulation of blood using radioactive isotope sodium-24




H.  Experiments on cancerous cells have shown thatthose cells that multiply
rapidly absorb more radiation and are|niore easily destroyed than normal cells by
'onizing radiation. Radiotherapy with y.-rays from cobalt-60 is often used in the
treatment of cancer The y-rays'are carefully focussed on to the malignant tissue.
Strict safety precautions-are necessary for both patient and attendant medical staff
tii. Radioactive iodine-131 is used to combat cancer of the thyroid gland. Since
lodine tends to collect in the thyroid gland. radioactive isotopes lodge where they
can destroy the malignant cells. In some cases encapsulated "seeds” are implanted
in the malignant tissue for local and short ranged treatment.

iv. For skin cancers, phosphorus-32 or strontium-90 may be used instead.
These produce S-radiation.

Note:

The dose of radiation has to be carefully controlled otherwise the radiation
could do more damage than help. Patients undergoing radiation treatment often feel
. because the radiation also damages the healthy cells.
Q40: How radiography is used in medical diagnosis?
Ans: Radiography: et
i. The y-rays radiographs are used in medical diagnosisCsuch as internal
imaging of the brain to determine precisely. the Size\and 6cation of a tumor or other
parts of the body A A\ VvZWN\O\CAB - D
ii. Cracks or cavities|in castings or pipes can also be detected by scanning.
Any sudden increase-in count rate indicates a cavity within the object
iii. The g?mmﬁ ‘camera 1s designed to detect y-radiations from sites in the body
where a y-emitting isotope is located. The camera can also be used to obtain a
sequence of images to observe an organ such as a kidney in action.
Q41: What do you know about basic forces of nature?
Ans: Basic forces of nature:

The basic forces are:

1. Gravitational force 2. Magnetic force
3. Electric force 4, Weak nuclear force
5. Strong nuclear force
Explanation: _ .
i The electric and magnetic forces were unified to get an electromagnetic

force by Faraday and Maxwell. who were able to prove that a current is induced in a
coll whenever the magnetic flux passing through the coil is changed, leaving behind
four fundamental forces, the strong nuclear force, the electromagnetic force the
weak nuclear force and the gravitational iforce (These four fundamental forces of

nature have seemed for some time quite different from one another.

il Strong nuclearforce: n \| ro | o '
Despite its dif ‘rgm‘\-:“?ﬁeﬂec‘i"’é strength, the strong nuclear force is effective
ohly within ss,}:.t)',-*hubl‘é'ar distances and therefore, confines the neutrons and protons
within the nucleus
iii. Electromagnetic force:
The electromagnetic force is long-range and causes all chemical reactions. It
binds together atoms, molecules, crystals, trees. buildings and you This force



acinyg vl a lllILlUbLUplu evel 1s rb‘prHblUIe IUI a vaursty v aypmwmy L ey
macroscopic forces such as friction, cohesmn and adhesfan ' '
iv.  Weak nuclear force: 1 2 -\ \\

The weak nuciear force-is sno@u range ke the strong nuclear force, and 1S
responsible for $épontaneous breakmg up of the radioactive clements It :s a sort of
repulsive force of very short 7 range (10" m). It is usually masked by the effect of the
strong and eiecﬁromagneuc forces inside the nuclei.

V. Gravitational force:
The gravitational force. like the electromagnetfc force, is again long range,

extending upto and beyond the remotest stars and galaxies. it keeps you. the
atmosphere and the seas fixed to the surface of the planet. It gives risc to the ocean
tides and keeps the planets moving'in their orbits around the Sun

Unification of electromagnetic and weak forces:
One hundred years after the unification of electric and magnetic forces into

electromagnetic force. in 1979, the physics Nobel prize was confeired on Glashow,
Weinberg and Abdus Slam for the unification of electromagnetic and weak forces.

Grand unified electro-nuclear force:
It is further expected that a strong nuclear force will eventually unite with

electroweak force to make wp a smgle enmy resul!mg .lt" the grand unified electro-
nuclear force.

Q42: Briefly describe the buﬂdlnglocks of ‘matter"

Ans: Building blocks of matter:” ~

Subatomic pamﬁiesl are dw:ded into three groups.

1. Photons 2. Leptons 3. Hadrcns
- Explanation:

Elementary. particles are the basic bu:ldmg blocks of matter. All photons and
‘leptons are elementary particles. Hadrons are not elementary particles but are
composed of elementary particles called quarks. Scientists now believe that all
matter belongs to €ither the quark group or the lepton group. Proton
Hadrons: |
i Hadrons are particles that experience the strong
nuclear force. In addition to protons, neutrons and mesons
are hadrons.

ii. The particles equal in mass or greater than protons
are called baryons and those iighter than protons are caued O\
mesons. \ Y [ (G0~ #s-2

Leptons: \\ 70 .

Leptons are Pamcles that, do hot experlence stron =
nuclear force Electron ijOHS and neutrinos are leptons ° / Q \

Quarks: NN NN

L Accordlng to quark theory iniiated by M Gell-Mann

and G Zweig, the quarks are propesed as the basic building G Q/
blocks of the mesons and baryons. -

i, A pair of quark and antiquark makes a meson and 3 oy f *;4:;3_ .
Quarks make a baryon. -

r 1 A\

Nwtm



It is proposed that there are six Quarks, the’ (1) Up ( ) down (3) strange (4)

Ch?.rngl(sj bottom and, (6) tOp The Lharges on these quarks are fractional as shown
N | abie o)

NN\D) I
. _{T_%Quarks and anthyarks DR
s Cf_Symbol | Charge
u ‘ T i
SRS I S e ]
i Down d ~ _le
B Strange s T —;é_; B "1‘
Charm | ¢ 3 E e
Top ]
Bottom ]
(- .
N INNIN |
TR _
. A proton i1s assumed to be made up of two ug quarks and one down quark
as shown in Fig.
v. The neutron is assumed to be made of one up quark and twg down quarks
as shown in Fig.
vi. Cufrently, the hundred of hadrons can be accounted for in terms of six
quarks and their antiquarks.
vil. It is believed that quarks cannot exist on their own; their existence has been
indirectly verified.
1. The combined number of all the) protons and neutrons ina nucleus Is known
as mass number and is_ der*otec\i By Al -
2. The protons and neutrons present in the nucleus are calted nucleons.
3. The number| oflneutrons present in @ nucleus is called its neurons number
and is d%nbted by N.
4. The number of protons inside a nucleus or the number of electrons outside
of the nucleus is called the atomic number or the charge number of an atom
and is denoted by Z.
5. Isotopes are such nuciel of an element that have the same charge number

Z. but have different mass number A.



. Ie Mass or the nucleus 1s aways less than the- zotdl fﬂdSS o1 the protons
and neutron that make up the nucleus - The drﬁerence of the two masses is
called mass defect The) mlssrng \mass| is |converted tc energy n the
formation of the nucleus and I&calted the bmdmg energy

7. The emission of | radtat:ons (a, § and y) from elements having charge
number v glreater than 82 is called radioactivity
8. The change of an element into a new element due to emission of radiations

is called radioactive decay. The original element 1s cailed parent element
and the element formed due 1o this decay is called daughter element

9, Half-life of a radioacuve element is that period 1n which half of the atoms of
the parent element decay into daughter element.

10. Such a reaction in which a heavy nucleus tike uranium splits up intc two
nuclei of equal size along with the emission of energy during reaction is
called fission reaction.

11. Such a nuctear reaction in which two light nuclei merge to form a heavy
nucleus along with the emission of energy is called fusion reaction.

12. The strength of the radiation source is indicated by its activity measured in
becquerel. One becquerel (Bq) is one disintegration per second A larger unit
is curie (Ci) which equals 3.7 x 10'0 dlsmrefgratibr\s ‘per-second. ‘

13. The effect of radiation onl a, body absorbmg it relates to a quantity called
absorbed dose [ def ned aS\fhe eriergy E absorbed from ionizing radiation
per unit mass m Uf the 'absorbing body.

14, The bgsuc’ #Brces are:

i Gravitational force ii. Electromagnetic force
iii.  Weak nuclear force iv. The strong farce

15.  Subatomic particles are divided into following three groups:
i Photons ii. Leptons iii. Hadrons

16. Elementary particles are the basic building blocks of matter.

SOLUTION OF EXERCISE

21.1. What are isotopes? What do they have in common and what are
their differences? e

Ans: Isotopes: ,
Isotopes are such nuclei of an elemenf that have t‘ne same charge number

Z, but have different mass; number A//\ \S
Similarities and d:ffefences of iso%pes.

in the | ucleus of -isotopes the number of protons is the same, but the
number of neutrons is different.
21.2. Why are heavy nuclei unstabie?
Ans: Heavy nuclei are unstable because of their iow binding energy per nucleon
and due to repulsive electromagnetic forces which become more and more
dominant as the size of the nucleus increases. Hence a heavy nucleus is less

stable.

e »'
[\




. tNE Mdss o1 Ine nucleus s aiways iess than the total mdSS o1 tne protorns
and neutron that make up the nUClLeUS The dn‘ference ofthe two masses is
called mass defect The missing \\mass \is )converted tc energy n the
formation of the nucleus and |gca!ted the bmdmg energy

y The emission of rad ations {a, [ and y) from elements having charge
numbeT Z greafer than 82 is called radioactivity
8. The dhange of an element into a new element due to emission of radiations

is called radioactive decay. The original element i1s cailea parent element
and the element formed due 1o this decay is called daughter element

9. Half-life of a radioacuve element is that period in which half of the atoms of
the parent element decay into daughter element.

10. Such a reaction in which a heavy nucleus tike uranium splits up into two
nuclei of equal size along with the enussion of energy during reaction is
called fission reaction.

11.  Such a nuclear reaction in which two light nuclei merge to form a heavy
nucleus along with the emission of energy is called fusion reaction.

12.  The strength of the radiation source is indicated by its activity measured in
becquerel. One becquerel (Bq) is one disintegratjon: per sacond A larger unit
is curie (Ci) which equals 3.7 x 10'{disintegrations-per-second. '

13. The effect of radiation on| a, body absorbmg it' relates to a quantity called
absorbed dose D deﬁned as\ﬂqe energy E absorbed from ionizing radiation
per unit mass, - cf the! absorbing body.

14.  The basic| forces are:

i.  Gravitational force ii. Electromagnetic farce
iii.  Weak nuclear force iv.  The strong farce

15. Subatomic particles are divided into following three groups:
I Photons ii. Leptons fii. Hadrons

16. Elementary particles are the basic building blocks of matter.
SOLUTION OF EXERCISE

21.1. What are isotopes? What do they have in common and what are
their differences? I

Ans: Isotopes: ‘ 20O\
Isotopes are such nuclei of an element that have the same charge number

Z, but have different mass, number A ‘ W\ .
Similarities and d:ffmnces of ;sotopes.

in the nuclgus of isotopes the number of protons is the same, but the
number of neut#ons is different.
21.2. Why are heavy nuclei unstabie?
Ans: Heavy nuclei are unstable because of their low binding energy per nucleon
and due to repulsive electromagnetic forces which become more and more
dominant as the size of the nucleus increases. Hence a heavy nucleus is less

stabie.




21.3. If a nucleus has a half life; of 1 year, does thls mean that it will be

completely decayed after 2 years? Explain.
Ans: No, because. an| eleine gompletely decayed after an infinite time
If numbﬁr of'ai‘oms initiahy present = Nj

N

After one years number of aioms remain undecayed = ~—

1, 1

After two ycars riumber of atoms undecayed = > X = =2 No
Numbar of atoms decayed = N, — i N, = iNl-,

Hence - or 75 % of the nucleus decayed in two years.

21.4. What fraction of a radicactive sample’decays after two half Ilves
have elapsed?
Ans: If number of atoins intialiy present = N,

N
After one years number of atums 1emadn undecayed = =

|\ . \’50
Fraction of sample decayl d N

- x100"‘ 75 %

Hence,, E 011'75 % of the nucleus decayed in two years.

21.5. The radioactive element 2tas’  a half life of 1.6 x 10° years.
Since the earth is about 5 billion years old, how can you expiain
why we still can find this element in nature?

Ans: Half life:

It 1s the period in whick half of the radioactive element atoms decay. An
element completely decayed after an infinite time.

Thus with the passage of every half life the number of atoms remaining
behind becomes half of the number of atoms aiready present. in this way an infinite
time is required for all atoms to decay. As the earth five billion years old (not infinite
time) so we can stifl find ?3§Ra element in nature.

21.6. Describe a brief aocount of various types of radlatlons wnth matter.

Ans: See Q13. from SHORT AND LONG QUESTIONS ¢

21.7. Explain how a and g particles may ionize. an abom without directly
hitting the electrons? What is- the dlffemnce in the action of the
two particles for producing :onizatmn? )

Ans: Alpha particie x? posmvely Charge particle When an alpha particle passes

close to the_ at?msj jor'molecules of the gas it ionizes then due to the Coulomb's

attractive force- The process of ionization continues still a-particle losses its entire
energy and comes to rest

Difference in the action of «-particle and £-particle:

' a-particle puils an electron out cf the alom whiie (§-particie repels an electron
out of the atom and :onizes the atom.



21.8. A partacle whlch produces more, ionization-is, Iess penetratmg Why?

Ans: A particle which produces more |omzallon IS leSS penetratmg because Iits rate

of iosing energy Is very hlgh SO it loseg its all energy in a short intervat of time hence

can penetrate through a very 'short distance in the substance

21.9. What mforrpal;:bn is revealed by the length and shape of the tracks of an
incident particle in Wilson cloud chamber?

Ans: Cloud chamber track of a -particle:

The a-particles leave thick, straight and cont. :us tracks due to intense
ionization produced by them.

Cloud chamber track of g -particle:

B-particles form thin and discontinuous tracks extending in erratic manrer
showing frequent deflections.

Cloud chamber track of y -particle:

y-rays leave no definite tracks along their path.
Length of cloud track:

The length of the cloud tracks has been found proportlonal to the energy of
the incident particle.

Shape of the tracks gives information about the | massweness of the particle
while the length reveals the penetrating: power of lhe mc;lclenf particle.
21.10.Why must a Geiger Mulle tube for detecting a-particles have a

very thin window? Why does a Geiger Muller tube for detecting y-

rays noF nqed awindow at all?

Ans: As welk ﬁow that penetrating power of a-particle is iess than y-rays due to

these reason Alpha rays cannot penetrate through the walls of the tube so a window

is required as an in left for the Alpha rays. Gamma rays, being extremely

penetrating, require no such window as they can easily penetrate through the walls

of the tube.

21.11.Describe the principle of operation of a solid state detector of
ionizing radiation in terms of generation and detection of charge
carriers.

Ans: See Q19:; from SHORT AND LONG QUESTIONS

21.12.What do we mean by the term critical mass?

Ans: Critical mass:

Such a mass of uranium in which one neutron, out of allithe neutrons
produced in one fission reaction, produces furtherflssmn s called crtical mass. The
volume of this mass of uranium is cailed. lcntlcal volume -
21.13.Discuss the advantages and d:Sadvantages of nuclear power

compared to the use of fossil fuel generated power?

Ans: Nuclear powér wes much more energy than fossil fuels Nuclear power is
cheaper than fossil fuel generated power.

The nuclear power plant produces radiations which are harmful for living
things It s difficult to dispose of nuclear waste.
21.14.What factors make a fusion reaction difficult to achieve?

Ans: Difficulties to achieve nuclear fusion reaction:

We know that for fusion of two light nuclei the work has te be done to

overcome the repulsive force which exists between them. For this the two nucle: are



hurled towards one another at a very high speed. One method| to do so IS to give
these nuclei a very large velocity with- the help of-an. ‘accelerator. This method has
been used in the research study of nuglear fusion’ of zH and ‘4 But this method of
nuclear fusion for gettlng energy Cannbt be Used on a large scale.

Fusion reaction by t}hermo-nuclear reaction:

Thefe ) JaHofher method to produce fusion reaction It is based upon the
principle that the speed of atoms of a substance increases with the increase in the
temperature of that substance To start a fusion reaction the temperature at which
the required speed of the light nuciei can be obtained s about 10 million degrees
Celsius. At such extraordinarily high temperature the reaction that takes place is
called thermonuclear reaction. Ordinarily such a high temperature cannot be
achieved. However during the explosion of an atom bomb this temperature can be
had for a very short time
21.15.Discuss the advantages and disadvantages of fission power from

the point of view of safety, pollution and resources?

Ans: Main advantage of fission power is the tremendous amount of energy that is
given out by it. The main disadvantages involve unavailability of easily fissionable
materials and the disposal of the residue which mvarves extremely radioactive
Isotopes (nuclear waste. nuclear hazards and, radaatron palfutiony.

21.16.What do you understand by “background radiations"? State two

sources of these radlatlons\?

Ans: When a Geg Nger tube\is-used in any experiment, it records radiation even
when a rad.rcp,aictw éource is nowhere near it. This is caused by radiation called
background radiation. it is partly due to cosmic radiation which comes to us from
outer space and partly from naturally occurring radioactive substance in the Earth's
crust.

The main sources are: distant stars, galaxies and cosmic rays.
21.17.1If you swallow an a-source and a g-source, which could be more

dangerous to you? Explain why?

Ans: «-source could be more dangerous. As, due to its extremely high ionizing
power. it will produce more disorder in body cells than a §-source It should also be
noted that RBE for alpha is much greater than beta.

21.18.Which radiation dose would deposit more energy to your body (a)

10 m Gy to your hand (b) 1 m Gy dose to your entlre body7
Ans: Dose (D):

The effect of radiation on a bedy!| absorbmg lt relates to a quantlty called
absorbed dose D defined as the energy B abserbed from ionizing radiation per unit

hereE '
And m totaf mass
SI unit of radiation gray (Gy):
lts SI unit 1s gray (Gy) defined as one joule per kilogram.
1Gy = 1Jkg
1mGv 1 x 107Gy
1ImGv = 10x10 Gy




By using £q 1 e ey
Enare = 10 210" % % Miygng O 01 xmiy| L
Eway = 1%x10 * xmy,, 2 70 UO“ Wby T (3)
FromEg 2and 31t s clear that- Q9 m Gy wm aepos:t rnore energy to the body
21.19.What is a rafhoactwe \tracer? Describe one apphcatlon each in
rneducupe, agriculture and industry.
Ans: Radioactive tracer:
Radioactive tracer is the radioactive isotope of an element which is used for
finding faults in biological or mechanical systems
Further See Q38' from SHORT AND LONG QUESTIONS
21.20. How can radioactivity help in the treatment of cancer?
Ans: Radioactive rays are used to destroy cancerous cells, e.g. lodine-131 is
used to destroy malignant cells which are developed in thyroid gland of a patient of
cancer ,
Further See Q38 from Short and Long questions

Example 21.1: Find the mass defect and bmdmg energy' of the deuteron
nucleus. The expenmental mass Qf\deuteron is 3.3435 x 107 kg.

Solution:  Mass of deuteron '=''mp = 3.3435 x 10% kg

Magxé;df groton = my, = 16730 x10% kg
\Mass of neutron = m, = 1.6750 x 10%' kg
Mass defect = Am = 7?
Binding energy =BE =7
Mass defect = = m, + m,— Mp

Am = 1673 x10% + 1.675 x10% — 3.3435 x 107

Am = 3348 x 107 - 3.3435 x 107

Am = 40x10%kg

Binding energy = B.E. = mc?
BE. = 4.0x10% x (3.0 x 10%?
BE = 36x10"J

s -13
BE = 22 - 2250000 = 2.25 x 10° eV

1.6x1073%Y

Example 21.2: Iodine-131 is an artificial- radxoactwe |sot0pe It is
used for the treatment of human thyrond glant Its half-life is 8 days. In
the drug store of a hospital 20 'mg’ of ‘iodine-131 is present. It was
received from the Iaboratory 48 days ago. Find the quantity of iodine-131
in the hosplta! after this period.

Solution: “Half-life of lodine-131 = T,, = 8days
‘ Initral quantity of iodine = 20 mg

Time t = 48 days
Final quantity of remaining radioactive iodine = ?
Inthiscase t = 48days = 6xT,, (T, = 8 days)

It meansthat n = 6
Now usina the formula



I I I

Remaining quantity = (~) x initial quamty
Substituting the va!ues we‘h ,9 |

Remammg quanm" “ (-1-) \x- 2} & x 20 = 23125 mg Ans
Example 2135 \NWM6w much energy is absorbed by a man of mass 80 kg

who receives-a Iethal whole body equivalent does of 400 rem in the form
of low energy neutrons for which RBE factor is 10?
Solution: Mass = m = 80Kkg
Eauivalent dose = D. = 400rem = 400 x001Sv = 4 Sv
(- 1rem=001Sv)

RKBE tactor = 10
Energy absorbed = = 7
The tormuia for the absorbed dose 1s
1),
D = -

D = = 04 Gy
Note: : . "K/“ :.,,;ii)j’}'».’
S)ﬂce 1 Gy IS 1 J kg ! _ ‘:/ ’7' -;‘."”',“ 7\;" "-,‘\\ [ ( ['/'/\:‘;Q\x-"
Total energy absdbeg by

= 324

21.1 Find the mass defect and the binding energy for tritium, if the
atomic mass of tritium is 3.016049 u.

_ Solution: Mass of tntium = m = 3016094 u
Mass defect of tritium = Am = ?
B.nding energy of tritum =BE =7

Mass gefect = am = Zxm,+{(A-Z)m,~m

Where m. = mass of proton = 1 0u5:5 u

" m. = mass of neutron = 1008665 u
Am = (1 x 1007276 + (3 - 1) 1008665 - 3.016049)
Am = 85566 x 10°u = 000857 u

Now Binding energy = BE = Amx ¢’

BE = 00085x166x 10" = x10Y .j'.-,jmzeggoxwo ¥

BE = ‘.j = o O7Q358? X10°= 793687 x 10° eV
Be = /97 quv |\
21.2 The nalf life of 3,,5r is 9.70 hours. Find its decay constant.
Solution:  Haifife of ;.S = T.. = 970 nrs =G.70 x 3600 sec =34920 sec
Degay constant = 4 = 7
Decay constant = 4 —

i

Lon 9 - 10845 x 107 = 1984 x 107
e BT



Remaining quantity = (4) x inhial quanmy \
SUbSutuhng 'the Vajues wer haVF’{ A AN VAN

T ;;élo' 0 3125 mg Ans

AN Mow 't much energy is absorbed by a man of mass 80 kg

Remaining quantz‘t

who recewes,a Iethal whole body equivalent does of 400 rem in the form

of low energy neutrons for which RBE factor is 10?
Solution: Mass = m = 80Kkg

Eauivalent gose = D, = 400rem = 4002001 Sv = 4 Sv

(- 1rem=001Sv)
~BE tactor 10
Energy absorbed = =

[

5
’

The tormuia for the absorbed dose 1s

D - -
. whk
D = ° = 040Gy

Note:

Since 1 Gy s 1Jkg'

Total energy absoﬂ:ec by the Nﬁ@le‘ body

= 32J

21.1 Find the mass defect and the binding energy for tritium, if the
atomic mass of tritium is 3.016049 u.

Now

_Solution: Mass of trtium = m = 3016094 u
Mass defect of tritium =Am = ?
B.nding energy of tritium =Bk =7

Massgefect = am = Zxm,+(A-Z)m,-m
Where m. = mass of proton = 1 0055 u

" m. = mass of neutron = 1008665 u

Am = (1% 1007276+ (3 - 1) 1 008665 - 3016049)

Nl

Am = 85566 x 10°u = 000857 u )

Binding energy = BE = Amx ¢
BE = 00085x 166 x 10 " x 9 X 10 . :G 126990 X’ 10 J
8 E - U 2640 - 1()1' Q 079368? X 100 _“ 7 93687 x 100 ev

1
i

BE - evi L QL
21.2 The. hqlf Me jf 5a5r! lS 9.70 hours. Find its decay constant.
Solution: - Haitife of ;,Sr™ = T.. = 970 nrs =6.70 x 3600 sec =34820 sec
Oegay constant = 4 = 7
Decay constant = G F s

L

c i 2 1845107 = 1984 x 1075
sl



21.3 The element 5,Pa® is unstable and decays by ﬂ-emsssuon with a
half-life 6.66 hours. State the nuctear reactlon and the daughter nuclei.
Solution: V. \
Due to f-emission the charge number increases by 1 and its mass number remains
the same R NS
The nuéiear reacuon 1S written as
B | Y.
Here ..U is the daughter element
21.4 Find the eénergy associated with the following reaction:
SN 4+ ,He' — R0V + HY
What do negative sign indicate?
N*+ He' — ,O + i’ + E

E =7
Tota! mass cf the reactants on amu unit is given by
Mass of reactants -~ mass of N'* + mass of ,He*

14 0021 + 4 002603 = 18‘005703 = 18 0057 u
mass of .0 + mass of .H'
169991 + 10078 = 18 0069 u_., W
Difference of masses = An r-’.mass v reactanis “méss of products
. =5 18 00674\ 1;8 0069'd =~ 00012 u
Since 1L masst "u}.Mev\energy

P,Om U 3 -0.0012) (931) MeV .
J,M N\ = -60012x931 = - 112MeV

oHop

Mass of products

Note:
The negative ségn indicates tha! the reacticn s oniy possible when 1 12 MeV
which 1s equivalent to 0 0012 u 1s to be added to the reactant
21.5 Determine the energy associated with the followmg reaction:

cl NI‘ eo
. SO‘UﬁOﬂ: GCM = JNId ',E’O
E = .7 R .
Mass of reactants mass of FC' = 140077 u .

mass of .N'* + mass of e
14 0031 + 0.00055 = 14 00365 u
Ditference of masses = Am = mass ot reactants .mass of products
= 140077 u -14 00365 U 000405 U
Since - Tumass = 831 MeV energy ( ‘:: )
000405u = 00040“ 9’*1; Me\/
'E .—~:::g”{)"004Q5 x 931 = 3 7? MeV

Mass of products

o

Note: RS
The positive . sgjn sHowé that 3 7’7 MeV energy will be released in this reaction.

21.6 If 5,U*> decays twice u-emission, what is the resulting isotope?
Solution:

In « -ermission the atomic number Z decreased by 2 and mass number ‘A
decreased by 4

During first decay: U v ThY 4 et

During second decay: Th o gRa™™ o+ el



If 2U™ decays twice by @-emission then ramum nga "'/5 s the resultmg Isotope
because it 1s the charge nNumber- t88) of raduum — 6
21.7 Caiculate the: energy (m ‘MeV) released in the following fusion
reaction: R ]‘ |\
\:.;_,'I-";lgl"‘~f'_’,_"',- JH o+ 1H — ZHe + on
Solution: HE ¢+ H — LHe'+ o
E = 2
Mass of reactants = mass of ,H? + mass of \H’
= 2014102+ 301603 = 5030132u
= mass of ;He' + mass of ,n’
= 4.002608 + 1.008665 = 5011268 u
Difference of masses = Am = mass of reactants — mass of products
= 5030132 u—-5011268u = 0018864 u
Since 1umass = 931 MeV energy
0.018864 u = (0.018864) (931) MeV
= 0.018864 x 931 = 17 6 MeV/event
21.8 A sheet of lead 5.0 mm thick reduces the mtenswy\of beam of y-
rays by a factor 0.4. Find half value th:ckness of lead sheet which will
- reduce the intensity to half of its mntsal value.
Solution: Thxckness 5%

Mass of products

1]

o= @ R(\\UUT
] 208,
Nxy = = 2
Intensity of y-rays decreases exponentially with thickness is.
1 = l,e ¥
= Iy = |, e™#5 (vIy = 0.4 1Ip)
. 041, = loe #%
04 = g™Hn
Takmg natural log on both sides we get.
In(0.4) = - px, (1)
Simuarly
I = e # o
= 051, = l,e #*%
05 = e #Xr -
Taking naturai log on botn sides we get.
‘ in(05 = “HE_arf N2

Dividing eg. (1) by (2) we gel 2 (¢

By putting the value of x: we get,
LB

X, = —- xB5x10’ = 07565 x5x 107 = 3.7827 x 10 'm



21.9 Radiation from a point source obeys the inverse square law. If the
count rate at a distance of 1.0 m from Geiger counter is 360 counts per
minute. What will be its count rate at 3 Om from the source?

Solution: d =1m " AL
Count rate _= L 360 counts per mm
d, = - N N

Count rat o
Since coun nt rate’ us :nversely propomonai to the square of the distance from

the p&mt source therefore

I, -‘E
So Iy = EK' (1) )
Similarly I, = :2 . ,..(2)
Dividing eq. (2) by eq. (1) we get
K
b,
Is /2
Lo_ o4
I d3 -
d? s AN
2= % = A (3) G\

Using values in equation (3) we get,

360x(1)° s
I, = (,:“) = 40 GOunts/mmutes
J

21.10 A 75 3 pqrsoh receives a whole body radiation dose of 24 m- rad,
delivered by a-particles for which RBE factor is 12. Calculate

(a) the absorbed energy in Joules, and

(b) the equivalent dose in rem.

Solution: Mass = m = 75Kg
RBE factor = 12
Radiationdose = D = 24m-rad = 24 x 10°rad
(a) E (inJ) =7
(b) De(inrem) = ?
(a) Since D = =
E=mxD

E = 75x24x10° = 1800 x 10° = 18x 10%y = - 18 mJ 5
(b)  For equivalent dose in terms of absorbed dose is , \ (GOBY
De = RBE1x D |11} 11)(1)

Since D = 24x 10 /rad
But 1rad = 0. 01 Gy | I
: Q"~1,124x 103x001 = 24 x 10° Gy
By using the valués 'of D and RBE in equatton (1) we get,
De =12x24x105=12x24x1o sv (+1sv = RBE x 1 Gy)
D. = 288x10° = 0.288x 107 sy
De = 029rem (1 rem= 102 sv)



